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A Hadamard matrix H of order 16r2 is constructed for all t for which there is a 
Hadamard matrix of order 41, in such a way that each row of H contains exactly 
8? + 21 ones. As a consequence a new method of constructing the symmetric block 
designs with parameters (16r*, 8t’+2t, 4t2 +2f) for all t for which there is a 
Hadamard matrix of order 4f is given. 10 1985 Academic PESS. IIIC. 
Szekeres [Z] constructed a symmetric block design with parameters 
(16t*, 8t2 -2t, 4t’-2t) (or equivalently the complementary design with 
parameters ( 16t2, 8t2 + 2t, 4t2 + 2t)) for all t for which there is a Hadamard 
matrix of order 4t. Since it can be easily seen that the incidence matrix of a 
(16t*, 8t2 + 2t, 4t2 + 2r)-configuration yields a Hadamard matrix H on 
replacing each 0 by - 1, in such a way that each row of H contains exactly 
8t2 + 2t ones, it is quite natural to search for Hadamard matrices with this 
special structure. It turns out that if H is a Hadamard matrix of order 16t2 
in such a way that each row of H contains exactly 8t2 + 2t ones, then on 
replacing each - 1 by 0 one gets the incidence matrix of a ( 16t2, 8t2 + 2t, 
4t2 + 2t)-configuration. 
For general information on symmetric block designs (or (a, k, I)-con- 
figuration) and Hadamard matrices we refer the reader to Hall [l]. 
LEMMA 1. Let a, b be two n-dimensional ( - 1, 1 )-vectors each having 
exactly k ones and the rest - 1 as components. Then a I b iff a and b have 
exactly k - n/4 ones in the same position. 
Proof: W.1.o.g we may assume that 
r-times s-times u-tunes o-times 
a=(+++...+) --- . ..- +++...+ ---...-) 
b=(+++... + +++...+ --_..._ --- . ..- ), 
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where + stands for 1 and - for - 1. Suppose Q I b. Then by assumptions 
we have 
r+v--s--u=0 
r+u=k 
r+s=k 
s+v=n-k. 
It follows from this that r = k - n/4. So a and b have exactly k - n/4 ones in 
the same position. Conversely suppose r = k-n/4 then u =s = n/4 and 
v = 3n/4 - k. Consequently, a. b = 0, so a I b. 
THEOREM 2. Let t be a natural number for which there is a Hadamard 
matrix of order 4t. Then there is a Hadamard matrix H of order 16t2 in such 
a way that each row of H contains exactly 8t2 + 2t ones. 
Proof: We will prove slightly more. Let H, = [a,] and H, be two 
Hadamard matrices of order 4t. Consider H’ = H, x H, = [avH2], i, j = 
1,2,..., 4t. By multiplying the columns of H’ by a minus if necessary one can 
make the jth row of aljH2, j = 1, 2 ,..., 4t, to consist of only ones. Consider- 
ing the columns of H,, in avH2, i Z 2 the jth row consists of 1 s or - 1 s for 
each j= 1, 2,..., 4t. Therefore by multiplying the rows of H’ by a minus if 
necessary one can make the jth row of avH2, j= 1,2,..., 4t, to consist of 
only ones, for each i > 2. Now it is easy to see that, the resulting matrix, H, 
has exactly 4r + ( 16t2 - 4t)/2 = 8t2 + 2t ones in each row. 
THEOREM 3 [Szekeres]. A symmetric block design with parameters 
(16t2, 8t2 +2t, 4t2 + 2t) can be constructed for all t for which there is a 
Hadamard matrix of order 4t. 
Proof We will prove sightly more. Let H, and H, be two Hadamard 
matrices of order 4t. Replace each - 1 by 0 in the Hadamard matrix which 
was constructed from H, x H, in preceding theorem. It follows from 
Lemma 1 that the resulting matrix is the incidence matrix of a (16t2, 
8t2 + 2t, 4t2 + 2t)-configuration. 
Note that by taking inequivalent HI and H, the above construction may 
provide inequivalent configurations. Many thanks to Professor Hall, Jr. for 
pointing out this to me. 
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